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1. Introduction
Memory impairment is one of the leading clinical 

symptoms observed across a wide range of nervous and 
mental illnesses. These disturbances are particularly prom-
inent in neurodegenerative diseases, where cognitive de-
cline, including deficits in mnemonic functions, represents 
a key indicator of progressive damage to the central nervous 
system [1, 2]. Cognitive decline in these conditions is not 
always isolated. It is often associated with increased anxi-
ety [3], and is also accompanied by pain syndromes [4], 
significantly impairing daily life and eventually making 
independent functioning impossible. Numerous factors con-
tribute to the development of neurodegeneration, and the 
significant role of amino acids in the pathogenesis of neuro-
degenerative disorders is a well-established scientific fact. 
Alterations in their metabolism, transport, and neurotrans-
mitter functions are considered among the principal mecha-

nisms that promote the progression of degenerative process-
es within the central nervous system. Accumulating 
evidence indicates that amino acids and their derivatives 
may function not only as potential biomarkers of neurode-
generative processes but also as promising therapeutic can-
didates for mitigating their progression [5]. Among these 
molecules, glycine has shown notable neuroprotective 
properties. In experimental models, glycine was found to 
suppress D-gal-induced oxidative stress and to restore the 
expression and immunoreactivity of key antioxidant pro-
teins, including Nrf2 and HO-1, which were markedly re-
duced in the brains of treated mice [6].

The study in the CRND8 mouse model of Alzhei-
mer’s disease demonstrated that the levels of glutamate and 
glutamine were decreased in the hippocampus, cortex, and 
midbrain of the affected neurons [7]. Glutamate level for 
sure plays an important role in the energy metabolism as it 
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is the primary excitatory neurotransmitter in the brain. In 
course of Alzheimer’s disease, the levels of alanine, aspar-
tate, and glycine were reported to be elevated [8]. Peptides 
are also of considerable interest as a promising source of 
biologically active molecules with therapeutic potential for 
the treatment of neurodegenerative disorders [9]. For in-
stance, several studies have hypothesized that the ingestion 
of lactotripeptides may enhance cerebral blood flow and 
thereby improve cognitive function [10]. Furthermore, Met-
Lys-Pro (MKP), a casein-derived peptide with ACE-inhibi-
tory properties and the potential to cross the blood-brain 
barrier, has been reported to mitigate cognitive decline in a 
mouse model of Alzheimer’s disease [11].

Tryptamine is increasingly recognized as a privi-
leged scaffold for the design of anti-neurodegenerative 
agents, particularly in the context of Alzheimer’s dis-
ease [12]. Recent studies show that tryptamine-based 
hybrids exhibit therapeutic potential against cholinester-
ase-associated disorders, including AD and Parkinson’s 
disease, and may serve as promising building blocks for 
developing multitarget-directed ligands [13]. At the same 
time, the melatonin motif, another indole-derived struc-
tural element, is widely utilized in the design of neuro-
protective molecules due to its inherent antioxidant and 
anti-inflammatory properties, making it a valuable frag-
ment for creating compounds aimed at mitigating neuro-
degenerative processes [14]. 

Biogenic molecules are often used as key building 
blocks for the development of drug candidates against neu-
rodegeneration, since they provide favorable biological 
properties and naturally interact with neuronal path-
ways [15, 16]. Based on such fragments, the strategy of 
synthetic-biogenic hybridization has been increasingly ex-
plored, as it allows the combination of natural structural el-
ements with synthetic pharmacophores to obtain multitarget 
molecules. The potential of this approach is supported by 
cinnamoyl N-acylhydrazone donepezil hybrids, which have 
demonstrated significant activity in neurodegeneration 
models [17]. Additional examples include hybrids of β-phe-
nylacrylic acid with methyl esters of natural amino acids 
that showed pronounced 
anti neuroinflammatory ef-
fects [18], as well as other 
amino acid containing hy-
brids that influence key 
pathogenic mechanisms of 
neurodegenerative disor-
ders [19]. Peptoids, which 
are N substituted glycine 
derivatives, also attract 
considerable interest be-
cause they exhibit en-
hanced stability and con-
firmed neuroprotective 
potential [20].

Thienopyrimidine 
derivatives have attracted 
considerable attention as 
promising scaffolds in me-
dicinal chemistry due to 

their structural flexibility and ability to interact with a 
broad range of biological targets [21]. A number of studies 
have demonstrated their potential in the treatment of neu-
rodegenerative diseases, particularly through multimodal 
mechanisms that include cholinesterase inhibition, antiox-
idant activity, and modulation of amyloidogenic path-
ways [21, 23]. Additional interest in this class of heterocy-
cles is supported by the development of compounds with 
complex neuromodulatory activity, such as DDP-225, 
which combines norepinephrine reuptake inhibition with 
5-HT3 receptor antagonism and has been investigated in 
the context of cognitive and neurodegenerative disor-
ders [24]. Collectively, these findings indicate that thieno-
pyrimidines represent a promising platform for the devel-
opment of new multitarget agents capable of modulating 
key pathogenic pathways involved in neurodegeneration.

The aim of the research. The aim of this study is 
the rational design, synthesis, and experimental evalua-
tion of new glycine-linked thieno[2,3-d]pyrimidine hy-
brids as potential modulators of memory, anxiety, and 
pain for further correction of neurodegenerative process-
es, integrating in silico and in vivo investigations.

2. Planning (methodology) of research
To achieve the stated goal, we carried out the design 

of new derivatives using a pharmacophore-based approach, 
followed by synthesis and structural analysis of the target 
compounds, as well as targeted virtual screening against the 
therapeutically relevant target AChE, which is important for 
assessing potential effects on underlying cognitive disor-
ders. Subsequent in vivo screening of the most promising 
structures provided experimental verification of their poten-
tial pro-cognitive activity, enabling the identification of 
compounds suitable for further optimization. 

At the design stage the thieno[2,3-d]pyrimidine 
scaffold modified with a glycine linker at position 3 was 
selected as the core structure (Fig. 1). Subsequent design 
steps involved the incorporation of biogenic and synthetic 
fragments relevant to major neurotransmitter systems and 
pathogenic mechanisms implicated in neurodegeneration. 

Fig. 1. Overall design concept for the synthesized hybrid molecules
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Tert-butyl esters of glycine, β-alanine, and γ-ami-
nobutyric acid were chosen as masked forms of CNS in-
hibitory amino acids, providing controlled release and 
potential modulation of inhibitory neurotransmission. 
The selection of tert-butyl esters was guided by their re-
duced polarity and increased lipophilicity, which en-
hance the ability of molecules to cross the BBB a critical 
property for CNS-oriented drug candidates [25]. Addi-
tionally, conflicting data regarding the influence of 
tert-butyl substituents on metabolic stability further mo-
tivated their inclusion: some studies suggest that tert-bu-
tyl groups exhibit low metabolic stability [26], whereas 
others report that replacing an isopropyl group with a 
tert-butyl moiety in the ester function can improve meta-
bolic stability of drug candidates [27]. Testing this series 
allowed us to explore these contrasting observations. The 
imide of glutamic acid was incorporated as a cyclized 
form of the excitatory neurotransmitter, providing in-
creased stability, enhanced lipophilicity, and better suit-
ability for integration into hybrid molecules compared 
with the free amino acid. Tryptamine was included ow-
ing to its established activity toward serotonergic and 
dopaminergic systems, dysfunction of which is charac-
teristic of many neurodegenerative disorders. 

Among the synthetic components, the protected 
2-(piperazin-1-yl)ethanamine fragment was selected as a 
representative aliphatic amine with a favorable interaction 
profile toward biologically relevant targets and as a widely 
used linker in the design of CNS-active compounds [28]. 
The 6-fluoro-3-(piperidin-4-yl)-1,2-benzoxazole fragment 
was chosen due to its presence in the structures of atypical 
antipsychotics, including risperidone and paliperidone, 
which modulate central neurotransmitter systems impli-
cated in neuroprotection [29]. Such a combination of bio-
genic and synthetic fragments aligns with contemporary 
strategies in hybrid molecule design aimed at generating 
multifunctional ligands capable of acting on multiple ther-
apeutic targets involved in neurodegenerative processes.

3. Materials and methods
3. 1. Chemistry
All the solvent and reagents were used from Enam-

ine Ltd. stock without additional purification. 1H NMR 
spectra were recorded on a Varian Unity Plus 400 (400 
and 376 MHz, respectively) instrument, 1H and 13C NMR 
spectra were recorded on a Bruker 170 Avance 500 (500 
and 126 MHz, respectively) instrument, 13C NMR spec-
tra were recorded also on an Agilent ProPulse 
600 (151 MHz) spectrometer. The NMR chemical shifts 
are referenced using the solvent signals at 7.26 and 
77.1 ppm for 1H and 13C nuclei, respectively, in CDCl3 and 
2.48 and 39.5 ppm for 1H and 13C nuclei, respectively, in 
DMSO-d6. Mass spectra were obtained on an Agilent LC/
MSD SL 1100 instrument (atmospheric pressure electro-
spray ionization (ES-API)). Melting points were mea-
sured in open capillary tubes and are given uncorrected.

The starting 5-methylthieno[2,3-d]pyrimidin- 
4(3H)-one 1 [30] was obtained from ethyl 2-amino-4- 
methylthiophene-3-carboxylate by boiling in foramim-
ide [31, 32]. 

Ethyl (5-methyl-4-oxothieno[2,3-d]pyrimidin- 
3(4H)-yl)acetate (2) [33].

To 13.5 g (0.08 mol) of 5-methylthieno[2,3-d]py-
rimidin-4(3H)-one 1 dissolved in 55 mL of dimethylfor-
mamide, 12.2 g (0.09 mol) of potassium carbonate and 
10.85 mL (0.10 mol) of ethyl bromoacetate were added. 
After the addition of a catalytic amount of potassium io-
dide, the reaction mixture was heated at 65°C for 12 hours. 
The progress of the reaction was monitored by LC–MS. 
Upon completion, the mixture was cooled to room tem-
perature, and the resulting precipitate was filtered off. The 
filtrate was then slowly quenched with distilled water un-
der stirring until crystallization began. After the crystals 
formed (within 5–7 minutes), they were filtered and 
washed with water. If necessary, the product was further 
purified by crystallization from ethanol. Yield 72%, a 
white powder; mp 128–130°C; 1H NMR (400 MHz, DM-
SO-d6) δ 8.33 (s, 1H), 7.18 (s, 1H), 4.76 (s, 2H), 4.14 (q, 
J = 7.1 Hz, 2H), 2.42 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H).  
13C NMR (126 MHz, DMSO-d6) δ 168.3, 164.4, 157.8, 
148.7, 134.1, 122.25, 119.7, 71.1, 61.7, 47.3, 16.5, 14.4. 
 LC-MS, m/z: 253 [M+H]+. Anal. Calcd for C11H12N2O3S 
(M.w. 252.29): C, 52.37; H, 4.79; N, 11.10. Found: C, 52.37; 
H, 4.82; N, 11.10.

(5-Methyl-4-oxothieno[2,3-d]pyrimidin-3(4H)-yl)
acetic acid (3).

To 15.0 g (0.06 mol) of ester 2, 8.0 g (0.2 mol) of 
dry sodium hydroxide was added, and the reaction mix-
ture (water–methanol, 1:1; 150 mL) was heated under 
reflux for 1–2 hours. The progress of the reaction was 
monitored by LC–MS. After completion, the mixture 
was cooled and acidified with hydrochloric acid to pH 3. 
The resulting precipitate of the acid 3 was filtered, 
washed thoroughly with water, and dried at 60°C. Yield 
52%, a white powder; mp 283°C; 1H NMR (500 MHz, 
DMSO-d6) δ 13.22 (s, 1H), 8.34 (s, 1H), 7.18 (s, 1H), 4.69 
(s, 2H), 2.44 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  
δ 169.6, 164.4, 157.8, 148.8, 134.1, 122.2, 119.5, 47.2, 16.5. 
LC-MS, m/z: 225 [M+H]+. Anal. Calcd for C9H8N2O3S 
(M.w. 224.24): C, 48.21; H, 3.60; N, 12.49. Found: C, 
48.28; H, 3.71; N, 12.59.

General method of coupling of (5-methyl-4-oxoth-
ieno[2,3-d]pyrimidin-3(4H)-yl)acetic acid 3.

The acid 3 0.2 g (0.0009 mol) was mixed with 
0.144 g (0.001 mol) of 1,1’-carbonyldiimidazole and to 
the mixture 4 ml of anhydrous 1,4-dioxane was added. 
The reaction mixture was heated at 80-900C with stirring 
and protected from the contact with the air by the gas 
bubbler filled with 1,4-dioxane. The reaction mixture 
was heated till the clear solution is formed and then addi-
tionally for 15 minutes to let all the carbon dioxide be 
released. Then the reaction mixture was cooled and 0.001 
mole of the correspondent amine or its hydrochloride 
was added. In the case of hydrochlorides 0.001 mole of 
triethylamine was added to the reaction mixture. The 
reaction mixture was heated and stirred at the same tem-
perature for 4–5 hours. The reaction progress was moni-
tored by LC-MS. After the conversion was completed the 
solvent was distilled off at the reduced pressure, and the 
solid residue was diluted with waster to for the target 
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product. The analytical samples were additionally crys-
tallized from the suitable alcohols. 

tert-Butyl {[(5-methyl-4-oxothieno[2,3-d]pyrimi-
din-3(4H)-yl)acetyl]amino}acetate (4a).

Yield 74%, a white powder; mp 144–145°C; 1H 
NMR (600 MHz, DMSO-d6) δ 8.66 (t, J = 5.9 Hz, 1H), 
8.27 (s, 1H), 7.14 (s, 1H), 4.67 (s, 2H), 3.78 (d, J = 5.8 Hz, 
2H), 2.43 (s, 3H), 1.38 (s, 9H). 13C NMR (151 MHz, DM-
SO-d6) δ 169.1, 167.4, 164.4, 157.8, 149.2, 134.1, 122.2, 
119.2, 81.2, 47.7, 41.8, 28.1, 16.5. LC-MS, m/z: 338 [M+H]+. 
Anal. Calcd for C15H19N3O4S (M.w. 337,40): C, 53.40; H, 
5.68; N, 12.45. Found: C, 53.44; H, 5.72; N, 12.56.

tert-butyl 3-{[(5-methyl-4-oxothieno[2,3-d]pyrim-
idin-3(4H)-yl)acetyl]amino} propanoate (4b).

Yield 66%, a white powder; mp 163–165°C; 1H NMR 
(400 MHz, DMSO-d6) δ 8.34 (t, J = 5.6 Hz, 1H), 8.23 (s, 1H), 
7.13 (s, 1H), 4.56 (s, 2H), 3.25 (q, J = 6.4 Hz, 2H), 2.41 (s, 3H), 
2.35 (t, J = 6.7 Hz, 2H), 1.37 (s, 9H). 13C NMR (126 MHz, 
DMSO-d6) δ 170.9, 167.0, 164.4, 157.9, 149.3, 134.1, 122.3, 
119.2, 80.4, 47.9, 35.5, 35.3, 28.2, 16.6. LC-MS, m/z: 296 
[M-(CH3)3C]+. Anal. Calcd for C16H21N3O4S (M.w. 351,43): 
C, 54.69; H, 6.02; N, 11.96. Found: C, 54.71; H, 6.10;  
N, 12.07.

tert-butyl 4-{[(5-methyl-4-oxothieno[2,3-d]pyrim-
idin-3(4H)-yl)acetyl]amino}butanoate (4c).

Yield 81%, a white powder; mp 153–155°C; 1H 
NMR (400 MHz, DMSO-d6) δ 8.25 (br.s, 2H), 7.13 (s, 
1H), 4.56 (s, 2H), 3.06 (q, J = 6.5 Hz, 2H), 2.41 (s, 3H), 
2.19 (t, J = 7.5 Hz, 2H), 1.60 (p, J = 7.2 Hz, 2H), 1.35 (s, 
9H). 13C NMR (126 MHz, DMSO-d6) δ 172.3, 166.8, 
164.4, 157.9, 149.3, 134.1, 122.3, 119.1, 80.0, 48.1, 38.5, 
32.6, 28.2, 25.1, 16.6.

LC-MS, m/z: 310 [M-(CH3)3C]+. Anal. Calcd for 
C17H23N3O4S (M.w. 365,45): C, 55.87; H, 6.34; N, 11.50. 
Found: C, 56.01; H, 6.37; N, 11.60.

N-(2,6-Dioxopiperidin-3-yl)-2-(5-methyl-4-oxoth-
ieno[2,3-d]pyrimidin-3(4H)-yl)acetamide (4d).

Yield 75%, a white powder; mp > 250°C; 1H NMR 
(400 MHz, DMSO-d6) δ 10.82 (s, 1H), 8.67 (d, J = 8.0 Hz, 
1H), 8.27 (s, 1H), 7.14 (s, 1H), 4.79–4.49 (m, 3H), 2.70 
(ddd, J = 18.0, 12.4, 6.0 Hz, 1H), 2.42 (s, 3H), 1.91 (dqd, 
J = 17.4, 12.8, 10.4, 4.2 Hz, 2H).13C NMR (126 MHz, 
DMSO-d6) δ 173.2, 172.2, 167.1, 164.4, 157.9, 149.2, 134.1, 
122.3, 119.2, 49.8, 47.8, 31.2, 24.8, 16.6.

LC-MS, m/z: 335 [M+H]+. Anal. Calcd for C14H14-
N4O4S (M.w. 334,36): C, 50.29; H, 4.22; N, 16.76. Found: 
C, 50.27; H, 5.36; N, 16.80.

tert-Butyl 4-(2-{[(5-methyl-4-oxothieno[2,3-d]py-
rimidin-3(4H)-yl)acetyl]amino}ethyl)piperazine-1-car-
boxylate (4e).

Yield 64%, a white powder; mp 179–180°C; 1H 
NMR (400 MHz, DMSO-d6) δ 8.24 (s, 1H), 8.22 (d, 
J = 6.4 Hz, 1H), 7.13 (s, 1H), 4.58 (s, 2H), 3.26 (d, 
J = 10.0 Hz, 3H), 3.18 (q, J = 6.5 Hz, 2H), 2.41 (s, 3H), 
2.32 (dt, J = 17.8, 6.0 Hz, 6H), 1.35 (s, 9H).13C NMR 
(126 MHz, DMSO-d6) δ 166.9, 164.4, 157.9, 154.2, 149.3, 
134.1, 122.3, 119.2, 79.1, 57.2, 52.9, 48.0, 36.8, 28.5, 16.6. 
LC-MS, m/z: 436 [M+H]+. Anal. Calcd for C20H29N5O4S 
(M.w. 435.55): C, 55.15; H, 6.71; N, 16.08. Found:  
C, 55.22; H, 6.71; N, 16.09.

N-[2-(1H-indol-3-yl)ethyl]-2-(5-methyl-4-oxoth-
ieno[2,3-d]pyrimidin-3(4H)-yl)acetamide (4f).

Yield 84%, a white powder; mp 228–230°C; 1H 
NMR (400 MHz, DMSO-d6) δ 10.81 (s, 1H), 8.42 (t, 
J = 5.6 Hz, 1H), 8.26 (s, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.32 
(d, J = 8.0 Hz, 1H), 7.22–7.10 (m, 2H), 7.04 (t, J = 7.5 Hz, 
1H), 6.95 (t, J = 7.4 Hz, 1H), 4.61 (s, 2H), 3.36 (q, 
J = 6.9 Hz, 2H), 2.83 (t, J = 7.5 Hz, 2H), 2.44 (s, 3H). 13C 
NMR (151 MHz, DMSO-d6) δ 166.8, 164.4, 157.9, 149.3, 
136.6, 134.1, 127.6, 123.2, 122.3, 121.3, 119.1, 118.7, 118.6, 
112.0, 111.8, 48.0, 25.5, 16.6. LC-MS, m/z: 367 [M+H]+. 

Anal. Calcd for C19H18N4O2S (M.w. 366,44): C, 
62.28; H, 4.95; N, 15.29. Found: C, 62.55; H, 5.05; N, 15.30.

3-{2-[4-(6-f luoro-1,2-benzoxazol-3-yl)piperi-
din-1-yl]-2-oxoethyl}-5-methylthieno[2,3-d]pyrimi-
din-4(3H)-one (4g).

Yield 87%, a white powder; mp 208 – 209°C; 1H 
NMR (400 MHz, DMSO-d6) δ 8.24 (s, 1H), 8.04 (dd, 
J = 8.9, 5.0 Hz, 1H), 7.75–7.61 (m, 1H), 7.26 (td, J = 9.2, 
2.3 Hz, 1H), 7.15 (s, 1H), 4.94 (s, 2H), 4.36 (d, J = 13.0 Hz, 
1H), 4.07 (d, J = 13.8 Hz, 1H), 3.60–3.40 (m, 2H), 3.31 (p, 
J = 13.6, 12.9 Hz, 2H), 2.89 (t, J = 12.1 Hz, 1H), 2.20–
2.02 (m, 2H), 1.93 (q, J = 12.8, 12.0 Hz, 1H), 1.67 (tt, 
J = 13.1, 6.5 Hz, 1H).13C NMR (126 MHz, DMSO-d6) δ 
165.2, 165.1, 164.4, 163.6, 163.5, 163.1, 161.3, 157.9, 149.3, 
137.5, 134.1, 129.2, 124.2, 124.2, 122.3, 119.2, 119.0, 117.5, 
113.1, 112.9, 97.9, 97.7, 66.8, 46.6, 46.1, 44.7, 42.1, 33.5, 
33.4, 30.5, 30.1, 29.9, 16.6. LC-MS, m/z: 427 [M+H]+. 
Anal. Calcd for C21H19FN4O3S (M.w. 426,47): C, 59.14; H, 
4.49; N, 13.14. Found: C, 59.18; H, 4.58; N, 13.25.

3. 2. Molecular docking studies
Flexible molecular docking was employed to eval-

uate the affinity of the designed molecules toward select-
ed biological targets. Protein structures were retrieved 
from the Protein Data Bank [34]. Acetylcholinesterase 
from Homo sapiens (PDB ID: 7E3H) [35], with donepez-
il as a native ligand, was used for the docking experi-
ments. The grid box parameters were defined as follows: 
center_x = –43.368, center_y = 37.728, center_z = –30.313; 
size_x = 38, size_y = 22, size_z = 28.

Ligand structures were generated in BioviaDraw 2021 
and exported in MOL format. Geometry optimization was 
performed in Chem3D using the MM2 molecular mechan-
ics algorithm to yield PDB files. The use of MM2 provided 
refined geometries due to its extensive parameterization for 
organic molecules. The optimized structures were convert-
ed to PDBQT format in AutoDockTools 1.5.6 with default 
torsional settings. Protein structures were prepared by re-
moving water molecules and co-crystallized ligands in 
Discovery Studio, followed by saving the cleaned models as 
PDB files. Polar hydrogens were added in AutoDock-
Tools 1.5.6, and the proteins were further converted to PD-
BQT format for docking. Docking simulations were carried 
out using AutoDock Vina, and the resulting binding poses 
were visualized and analyzed with Discovery Stu-
dio v19.1.0.18287.

The docking protocol was validated by re-docking 
the reference ligand donepezil into the active site of 
AChE. The calculated RMSD between the experimental 
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and re-docked conformations was 0.089 Å, confirming 
high reliability and reproducibility of the docking model.

3. 3. Pharmacological activity experiment (in 
vivo studies)

Experimental animals. A cohort of 42 adult ran-
dom-bred male albino mice weighing about 30 g were 
used for the study in PAT. The animals were obtained 
from the vivarium of the Central Research Laborato-
ry (National University of Pharmacy, Kharkiv, Ukraine). 
Experiments were performed in accordance with „Direc-
tive 2010/63/EU of the European Parliament and of the 
Council of 22 September 2010 on the protection of ani-
mals used for scientific purposes“ [36] and approved by 
the Bioethics Committee of National University of Phar-
macy (excerpt from the meeting protocol No. 17 dated 
March 05, 2025). The animals were housed in standard 
polypropylene cages and kept at 22±2 ºC and 60% hu-
midity in a well-ventilated room with a 12 h light/dark 
cycle with free access to food and water [37]. 

Animals and grouping. Animals were random-
ized into seven groups (n = 6). Group 1 (Vehicle con-
trol, VC): received water i.g. 20–30 min before i.p. 
saline and 30 min before passive avoidance training. 
Group 2 (Amnesia control, AC): received saline i.g., 
followed 30 min later by scopolamine (1.5 mg/kg, i.p.), 
20–30 min before training. Group 3 (Donepezil): re-
ceived donepezil suspension (3.0 mg/kg, i.g.) 30 min 
before scopolamine and 20–30 min before training. 
Animals in Groups 4–7 received water suspensions of 
the test compounds (stabilized with Tween-80) 30 min 
before scopolamine (1.5 mg/kg, i.p.) and 20–30 min 
before training: Group 4 – compound 4d (2.64 mg/kg, i.g.),  
Group 5 – compound 4e (3.44 mg/kg, i.g.), Group 6 – 
compound 4f (2.90 mg/kg, i.g.), Group 7 – compound 
4g (3.37 mg/kg, i.g.). No adverse effects were observed 
in animals treated with compounds 4d, 4e, 4f, 4g or 
with the reference drug. General condition, motor ac-
tivity and appearance remained normal; fur was 
smooth and mucous membranes retained of natural 
pink coloration.

Reference drug (Donepezil) and preparation of 
formulations. Donepezil (Alzepil®, Egis, Hungary) was 
administered at a dose equivalent to 3 mg/kg of pure 
Donepezil [38]. The tablets were ground in a mortar and 
suspended in distilled water containing Tween-80. Sus-
pensions of the test compounds 4a–g were prepared 
analogously and stabilized with Tween-80. The doses of 
compounds 4a–g were adjusted to be equimolar to the 
Donepezil dose (Table A), which ensured appropriate 
comparability of pharmacological effects. The volume of 
all administered suspensions (Donepezil, test com-
pounds, or water) was calculated as 0.1 mL per 10 g of 
body mass for intragastric administration.

Protocol of the research. The screening study was 
structured to allow assessment of all targeted activities 
following a single administration of the tested compound. 
Thirty minutes after intragastric administration of the 
test compound or Donepezil, the animals received sco-
polamine hydrobromide (i.p.). After an additional 20–

30 minutes, the animals were evaluated for anxiety-like 
behavior and subjected to passive avoidance train-
ing (PAT). Thirty minutes later, the rotarod and hot-plate 
tests were performed. To assess memory formation and 
retrieval, the retention test for PAT was conducted 
24 hours after the acquisition phase.

Passive аvoidance test. Memory consolidation and 
retrieval were assessed using the passive avoidance test 
based on rodents’ innate preference for dark spaces [39, 40]. 
The apparatus consists of illuminated and dark compart-
ments separated by a sliding door, with the dark chamber 
equipped with an electrified grid delivering a mild foot 
shock (0.6 mA). During acquisition, animals were placed 
in the illuminated compartment and allowed to explore. 
When the sliding door opened, they could enter the dark 
compartment, where entry triggered door closure and the 
foot shock. The retention test was conducted 24 hours later. 
Animals were again placed in the illuminated compart-
ment with the door open, and the latency to enter the dark 
chamber was recorded as a measure of emotional memory. 
Failure to enter within 3 minutes was considered success-
ful retention (latency recorded as 180 sec)

Modeling of amnesia and calculation of anti-am-
nestic activity (АА) index. Anterograde amnesia was in-
duced by i.p. administration of scopolamine hydrobromide 
trihydrate (Thermo Fisher Scientific, China) at a dose of 
1.5 mg/kg, given 20–30 min before training [41]. Retention 
in the passive avoidance test was assessed 24 h later by 
measuring the latency to enter the dark compartment and 
by recording the number of animals that reached the train-
ing criterion. The anti-amnestic activity (AA) index was 
calculated using a modified Buttler formula:

АА = (ΔTLD – ΔTLAC) / (ΔTLVC – ΔTLAC) × 100 (%),

where АА – anti-amnestic activity, %; ΔTLD – the change 
in latency of the training and retention test for the 
drug-treated group (substances or donepezil); ΔTLAC – the 
change in latency of the training and retention test for the 
scopolamine-treated group (amnesia control group); 
ΔTLVC – the change in latency of the training and retention 
test for the VC group.

In parallel with retention assessment, exploratory and 
emotional responses were evaluated. Exploratory activity 
was assessed by the number of unfinished attempts to en-
ter (NUAE), defined as peeking into the dark compartment 
without full entry [42], as well as rearing in the light com-
partment as a manifestation of exploratory behavior. Emo-
tional responses were evaluated by counting grooming epi-
sodes, while vegetative manifestations of emotional reactions 
were assessed by the number of fecal boli and urinations.

Assessment of anxiety-like behavior. Anxiety-like 
behavior was assessed using the same apparatus as in the 
PAT experiment, following the general principles of the 
light–dark transition test. The method is based on the 
innate aversion of mice to brightly illuminated areas and 
their spontaneous exploratory behavior in novel environ-
ments. The light–dark box (LDB) test is widely used for 
evaluating anxiety-like states in rodents and is sensitive 
to anxiolytic drug treatment [43, 44].
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In our modified version of the LDB test, only the 
latency to enter the dark compartment (310 lux in the 
light chamber) was recorded; the number of transitions 
and time spent in each compartment were not measured. 
This simplified protocol was integrated into the first day 
of the PAT procedure (training phase) and was sufficient 
to assess anxiety levels in the experimental animals. A 
shorter latency to enter the dark compartment was inter-
preted as a higher level of anxiety [42].

Assessment of сoordination and balance. Motor 
coordination and balance were evaluated using the ro-
tarod test [45], a widely applied screening method for 
detecting neurotoxicity [46]. Mice were placed on a hor-
izontal rotating rod set at 10 rpm and allowed to walk 
forward to maintain balance. Each animal underwent 
three trials with 5-minute intervals for adaptation. The 
latency to fall during the third trial was recorded, with a 
maximum observation period of 3 minutes.

Assessment of pain response. Pain sensitivity was 
evaluated using the hot plate test (Hot/Cold Plate, Bi-
oserb, USA). Mice were placed on a heated surface main-
tained at 54°C with transparent side walls. The animals’ 
behavior was observed, and the latency to hind paw 
licking considered the most sensitive indicator of noci-
ceptive response was recorded [47]. If no nociceptive re-
action was observed by the 60th second, the mouse was 
removed from the plate to prevent burns; in such cases 
the latency time was assumed to be 60 s.

Statistical analysis. Data were processed using 
MS Excel 2016 and STATISTICA v.12. The Shapiro-Wilk 
test was applied to assess data distribution. Since the 
distribution was non-normal, differences between inde-
pendent groups were evaluated using the Kruskal-Wallis 
test, followed by the Mann–Whitney U post-hoc test to 
identify pairwise differences. Results are presented as 
medians with 25% and 75% percentiles (Me [Q25; Q75]), 
arithmetic means with standard errors (M ± m), or per-
centages. For binary (presence/absence) variables, Fish-
er’s z-transformation was used. Differences were consid-
ered statistically significant at p < 0.05.

4. Results
The key intermediate in our strategy of building of 

hybrid molecules was 5-methyl-4-oxothieno[2,3-d]pyrim-
idin-3(4H)-yl)acetic acid, for purpose of which synthesis 
we optimized the alkyaltion of 5-methylthieno[2,3-d]py-
rimidin-4(3H)-one (Fig. 2). In this case we added potassi-
um iodide to facilitate the reaction, which speeded up the 
reaction and increased the ratio of the desired isomer of 
N-alkylation in the mixture. We also improved the proce-
dure of crystallization. The fast crystalliaztion of allowed 
us to isolate less soluble product of N-alkylation and not 
allow the other by-products to precipitate. 

The further hydrolysis of the obtained ester 2 was 
performed in methanol-water (1:1) mixture. The suggested 
conditions made possible to carry out the rection homoge-
nously and to avoid any precipitation of by-products during 
the isolation of the acid 3. The resulting acid 3 was thor-
oughly dried for use in subsequent amide coupling reactions. 

Hybrid molecules 4 were obtained via peptide-type 
coupling of acid 3 with the corresponding amino acid 
derivatives or amines (Scheme 2). A notable advantage of 
this approach is that acid 3, despite its low solubility in 
1,4-dioxane, readily forms the corresponding imidaz-
olide, which is well soluble in this solvent. Triethylamine 
was used in equimolar amounts in situ to activate the 
amino acid esters or amines employed in the coupling 
reaction in the form of hydrochlorides. Isolation of com-
pounds 4 was also facilitated by their relatively high lipo-
philicity, which allowed them to be easily precipitated 
upon the addition of water to the reaction mixture.

Standard spectroscopic and mass-spectrometric 
methods were employed to confirm the structure and 
purity of the compound. In particular, 1H and 13C NMR 
spectroscopy was performed, allowing the identification 
of characteristic proton and carbon chemical shifts. Mass 
spectrometry (LC-MS) confirmed the molecular mass of 
the analyzed compound. Elemental analysis was also 
carried out, demonstrating a good match between the 
calculated and experimentally obtained composition, 
thus confirming the purity of the synthesized sample.

Fig. 2. Synthesis of target amides 4a-g via conventional amide coupling strategy
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For selecting structure candidates for in vivo 
studies in the scopolamine-induced mouse model of 
amnesia, acetylcholinesterase (AChE) in complex with 
Donepezil (PDB ID 7E3H) was chosen as the biomolec-
ular target. Scopolamine, by blocking muscarinic re-
ceptors, induces an acute cholinergic deficit and revers-
ible cognitive impairments. Inhibition of AChE 
increases acetylcholine levels and partially compen-
sates for this deficit. Donepezil, in addition to its selec-
tive inhibition of AChE, is also suggested to influence 
β-amyloid (Aβ) metabolism via interaction with the pe-
ripheral anion site (PAS) of AChE, which participates 
in accelerating Aβ aggregation [49]. This makes the 
model suitable for evaluating both cholinergic and po-
tential anti-amyloid effects.

Redocking of Donepezil into the AChE binding 
site successfully reproduced the key hydrogen-bonding 
pattern observed in the crystal structure, including the 
conventional H-bond between Phe295 (N) and the car-
bonyl-group of ligand, as well as several carbon–hydro-
gen bonds involving Tyr337, Ser293, and Tyr72. Addi-
tionally, the docking pose recovered the characteristic 
hydrophobic contacts and π–π interactions with Trp86, 
Trp286, Tyr341, Phe338, and Tyr337, confirming accu-
rate recapitulation of the native binding mode.

All investigated ligands demonstrated high affini-
ty toward the AChE inhibitor binding site, with predicted 
binding energies ranging from –8.4 to –12.5 kcal/mol, 
compared to –11.6 kcal/mol for Donepezil (Table 1).

Table 1 
The results of the docking studies of the ligand 4a-g and 

the native inhibitor to the active sites of AChE

Ligand Affinity 
(kcal/mol) Interaction with amino acid residues

Donepezil –11.6
aPhe295, Tyr337, Ser293

b Tyr72, Tyr341(4), Trp286(3), 
Trp86(2), Tyr337, Phe338, Tyr124

4a –8.7
aTyr124 (3). His447 (2)

bTrp86 (5), Trp286 (2), Phe297, Tyr341
c Trp86

4b –9.1
aTyr124

b Tyr341(2), Trp286(4), Trp86(4), 
Tyr337(2), , His447

4c –8.4
a Tyr124 (3), Tyr341 

b Tyr72, Tyr341, Trp286(5), Phe338, 
His447 (2)

4d –10.2
aTyr124 (3), Tyr341 Tyr337, Trp86

bTrp286 (5), Tyr341(3), Tyr337, Tyr72, 
TRP286

4e –9.2
aTyr124 (2), His447 

bTrp286 (3), Trp86, Tyr341(3),Tyr72, 
GLY120. GLY121

4f –10.9
aTYR133, TYR124(2), Asp74, Ser125

bTrp86 (5), Tyr341(3), Trp286 (3)

4g –12.5

a TYR72, TYR133, TYR124(2)
bTrp86 (3), Trp286 (3), Phe338, 

Tyr341, Tyr 337
c Trp286 (2)

Analysis of the conformational placement and inter-
action profiles suggests that compounds 4d, 4e, 4f, and 4g 
can adopt a stable, deeply embedded binding mode within 
the AChE active site. Using compound 4g (6-fluo-
ro-1,2-benzoxazol-3-yl)piperidinyl derivative) as an exam-
ple, a comparison with Donepezil shows that both ligands 
preserve the key AChE “aromatic corridor,” including π–π 
stacking with Trp86, Trp286, and Tyr341, as well as hydro-
phobic/π-alkyl contacts with Tyr337, Phe338, and Tyr341, 
indicating a similar overall binding orientation (Fig. 3). 

At the same time, 4g forms additional H-bonds (Tyr72, 
Tyr124, Tyr133), halogen interactions (Trp286), and a π–sul-
fur contact with Trp286, and exhibits a more favorable pre-
dicted binding energy (–12.5 vs –11.6 kcal/mol for Donepe-
zil), indicating higher predicted affinity for AChE. Based on 
these structural and energetic advantages, compounds 4d, 
4e, 4g and 4f were selected for subsequent in vivo evaluation 
in the scopolamine-induced mouse model.

The effects of compounds 4a–g in the passive 
avoidance test in mice with scopolamine-induced amnesia 
are shown in Table 2. The baseline latency to enter the dark 
compartment for the vehicle control group averaged 66.2 
seconds. After 24 hours, none of these animals entered the 
dark chamber within the 3-minute observation period, in-
dicating 100% retention of the training criterion. In the 
scopolamine-induced amnesia group, the latency was sig-
nificantly shorter compared to the vehicle control. After 
24 hours, only 33% of these animals met the training cri-
terion, demonstrating the amnestic effect of scopolamine. 
Although donepezil showed a tendency to prolong latency 
compared to the scopolamine-only group, it had minimal 
impact on reversing memory impairment. In the donepez-
il group, only 33% of animals achieved the training crite-
rion on the first day, resulting in a modest anti-amnestic 
activity index of 13.6% after 24 hours.

Fig. 3. Visualization: a – interaction of 4g with amino 
acids of the active site of AChE inhibitors;  

b – conformations Donepezil (yellow structure) and the 
ligand 4g (blue structure)

a

b
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Compound 4g significantly increased the latency 
to enter the dark chamber, with values 4.9-fold higher 
than in the amnesia control group (p < 0.05). After 24 
hours, the latency remained slightly lower than that of the 
vehicle control group, without significant difference. The 
proportion of animals that achieved the training criterion 
in the 4g group was 66.7%, and the anti-amnestic activity 
index reached 36.3%. Compounds 4d and 4f demonstrat-
ed moderate anti-amnestic effects, with activity levels of 
64.3% and 47.0%, respectively. Compound 4e did not 
significantly change memory performance (AA = 6.2%). 
In all other treated groups, latency times did not differ 
significantly from those observed in the vehicle control 
or amnesia control groups at baseline or after 24 h.

In the scopolamine amnesia group, the number of 
rearing decreased approximately fourfold compared to 
the vehicle control. This effect persisted for 24 h. Scopol-
amine also significantly reduced the number of fecal boli 
after 24 h (Table 3). This indicates a weakening of the 
vegetative support of emotional reactions. Donepezil also 
reduced baseline exploratory activity, but after 24 h it 
returned to the level of intact animals. The number of 
fecal boli remained significantly lower than in intact 
controls, which may reflect a reduction in anxiety. Ad-
ministration of 4g did not alter rearing counts relative to 
baseline; however, rearing was significantly higher than 
those in the scopolamine group. In the 4d group, initial 
rearing counts were significantly reduced compared to 
the intact control. After 24 h, rearing values increased 

13.7-fold, reaching levels comparable to the vehicle con-
trol. Compounds 4e and 4f produced only slight, non-sig-
nificant changes in rearings, reaching values similar to 
the intact group. No significant changes were observed 
for other emotional or vegetative markers in these groups.

The effects of the tested compounds on coordina-
tion and balance were evaluated using the rotarod test 
after the PAT procedure, which had been preceded by 
scopolamine administration. The results were compared 
with those of the vehicle control group and the scopol-
amine-induced amnesia group (Table 4). In the scopol-
amine group, motor coordination was impaired, as re-
flected by nearly a twofold reduction in the time to fall 
compared with the vehicle control. Donepezil, as well as 
compounds 4e and 4f, produced a slight increase in fall 
latency, reaching values comparable to the control group. 
Administration of compounds 4g and 4d did not alter 
coordination, with fall latency remaining at the level ob-
served in the scopolamine group.

The analgesic effect of the tested compounds was 
evaluated using the hot plate test, performed after the 
PAT and rotarod assessments. Since all animals received 
scopolamine prior to testing, results were compared be-
tween the donepezil-treated group and the scopol-
amine-only (amnesia control) group (Table 5). Scopol-
amine produced a statistically significant analgesic 
effect, increasing the latency of the nociceptive response 
by 3.9-fold compared with the vehicle control. Donepezil 
had minimal influence on nociceptive latency. Com-

Table 2
The effect of the compounds 4 on passive avoidance test in mice with scopolamine-induced amnesia (PAT) (М±SEM, 

Ме [Q25; Q75])

Group, n Dose,  
mg/kg

Transfer latency, sec % of animals which 
have reached the 
learning criterion, 

(%)

AA – antiam-
nestic activity 

index,%

The number of incomplete 
attempts to enter

training (1st 
day)

retention test  
(in 24 hours)

training  
(1st day)

after  
24 hours

Vehicle control –
66.2±20.6

75.0
[30.0; 103.0]

180.0±0.0
180.0

[180.0; 180.0]"

5/5
(100) –

0.67±0.33
0.5

[0.0; 1.0]

1.0±0.68
0.0

 [0.0; 1.5]
Amnesia 

control group 
(scopolamine) 

1.5
23.0±7.27

22.5
[8.75; 37.0]

74.3±33.7
30.0

[17.75; 145.0]* 

2/6 
(33.3) ^^ –

0.33±0.33
0.0

[0.0; 0.0]

1.0±0.68
0.0

[0.0; 1.5]

Scopolamine + 
Donepezil 1.5 + 3.0

38.5±7.63
34.5

[30.25; 44.75]

98.33±31.17
96.00

[29.00; 169.00]*

2/6 
(33.3) ^^ 13.6

0.33±0.33
0.0

[0.0; 0.0] 

3.67±1.63
2.5

[1.25; 4.5] "

Scopolamine 
+4d 1.5 + 2.64

45.2±15.5
30.0

 [18.75; 63.75] 

136.7±28.3
180.0

[103.5; 180.0]"

4/6 
(66.7) ^ 64.3

1.33±0.42
2.0 

[0.5; 2.0]

3.0±1.13
3.0

[0.5; 5.5]

Scopolamine 
+ 4e 1.5 + 3.44

78.33±32.71
54.5

 [12.5; 149.0] 

123.5±35.77
180.00

[57.75; 180.0]"

4/6 
(66.7) ^ –6.2

2.67±1.50
1.0

[0.0; 4.25]

2.17±0.91
2.0

[0.5; 2.75]

Scopolamine 
+ 4f 1.5 + 2.90

64.33±21.34
43.5

[39.0; 53.25]

145.0±25.0
180.0

[135.0; 180.0] 

4/6 
(66.7) ^ 47.0 2.0±1.13

1.0 [0.0; 2.75]
2.0±0.89

2.0 [0.0; 2.0]

Scopolamine 
+ 4g 1.5 + 3.37

112.0±29.1#

123.0
[70.0; 173.75]

134.7±28.7
180.0

[82.5; 180.00]

4/6 
(66.7) ^

36.3 2.83±0.65
3.5

[2.25; 4.0]

1.67±0.67
1.5

[0.25; 2.75]

Note: significant relative to the vehicle control group: * – р<0.05 (Mann-Whitney criterion); ^ – р<0.05 ^^ – р<0.01 (Fisher Crite-
rion); significant relative to the amnesia control group: # – р<0.05 (mann-whitney criterion); statistically significant differences 
within groups: “ – р<0.05 (Wilcoxon signed-rank test).
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pounds 4g and 4f showed a slight, non-significant ten-
dency toward decreasing the latency period. Compounds 

4d and 4e significantly reduced the latency compared 
with the amnesia control group.

Table 3
The effect of donepezil and the studied compounds on the on exploratory behavior, emotional reactions and their 

vegetative accompaniment in mice with scopolamine-induced amnesia in РАТ (М ± SEM, Ме [Q25; Q75])

Group, n = 6 Rearing Auto grooming
Initial state After 24 hours Initial state After 24 hours

Vehicle control 
4.17±1.08

4.50
[3.25; 5.00] 

5.83±2.30
3.00

[2.25; 9.75]

0.67±0.33
0.50

[0; 1.00]

0.83±0.31
1.00

[0.25;1.00]

Amnesia control group 
(scopolamine) 

1.00±0.52
0.50

[0.00; 1.75]*

1.00±0.37
1.00

[0.25; 1.75]*

0.00±0.00
0

[0; 0]

0.17±0.17
0.00
[0; 0]

Scopolamine + Done-
pezil 

1.00±0.52
0.50

[0; 1.75]*

5.00±3.25
1.00

[0.25; 6.25]

0.00±0.00
0

[0; 0]

0.50±0.34
0

[0; 0.75]

Scopolamine + 4d
0.67±0.33

0.50
[0; 1.00]*

9.17±2.40
10.00

[5.25; 12.50]»

0.00±0.00
0

[0; 0]

0.50±0.22
0.50

[0; 1.00]

Scopolamine + 4e
2.50±1.02

2.00
[1.00; 3.00] 

4.50±2.43
2.00

[0.25; 6.75]

0.67±0.49
0

[0; 0.75]

0.83±0.31
1.00

[0.25;1.00]

Scopolamine + 4f
1.83±1.33

0
[0; 2.25] 

8.17±2.59
7.50

[2.75; 11.50]»

0.00±0.00
0

 [0; 0]

0.50±0.34
0

 [0; 0.75]

Scopolamine + 4g

4.67±1.02
5.00

[3.25; 6.00]#

4.67±1.52
3.50

[2.25; 6.25]

0.50±0.34
0

[0; 0.75]

0.50±0.22
0.50

[0; 1.00]
Fecal boli Urinations 

Vehicle control 
1.50±1.02

0
[0; 2.25]

3.17±0.83
3.50

[2.25; 4.00]

0.00±0.00
0

[0; 0]

0.17±0.17
0

[0; 0]

Amnesia control group 
(scopolamine) 

0.00±0.00
0

[0; 0]

0.17±0.17
0

[0; 0]**

0.00 ± 0.00
0

[0; 0]

0.00±0.00
0

[0; 0]

Scopolamine +  
Donepezil 

0.00±0.00
0

[0; 0]

0.50±0.34
0 

[0; 0.75]*

0.00±0.00
0

[0; 0]

0.00±0.00
0

[0; 0]

Scopolamine + 4d
0.00±0.00

0
[0; 0]

1.50±0.56
1.50

[0.25; 2.75]

0.00±0.00
0

[0; 0]

0.00±0.00
0

[0; 0]

Scopolamine + 4e
0.00±0.00

0
[0; 0]

2.50±0.96
2.50

[0.50; 3.75]

0.00±0.00
0

[0; 0]

0.00±0.00
0

[0; 0]

Scopolamine + 4f
0.00±0.00

0
[0; 0]

0.83±0.83
0

[0; 0]

0.00±0.00
0

 [0; 0]

0.00±0.00
0

[0; 0]

Scopolamine + 4g
0.00±0.00

0
[0; 0]

2.33±1.05
2.00

[0; 4.75]

0.00±0.00
0

[0; 0]

0.00±0.00
0

[0; 0]
Note: significant relative to the vehicle control group: * – р < 0.05 (Mann-Whitney criterion); significant relative to the amnesia 
control group (scopolamine): # – р < 0.05 (Mann-Whitney criterion); statistically significant differences within groups: “ – р < 0.05 
(Wilcoxon signed-rank test).

Table 4 
The effect of Donepezil and the tested compounds on coordination and balance e of mice in rotarod test (М ± SEM, Ме 

[Q25; Q75])

Group, n = 6) M ± m Latency time, sec The number of animals that fall form the rod, %
less than 30 sec before 1 min before 2 min more than 2 min

1 2 3 4 5 6 7
Vehicle control 111.67± 8.33 120 [120; 120] 0 0 16.7 83.3

Amnesia control group (scopolamine) 63.17± 17.75 52.5 [31;98]** 33.3^ 33.3^ 16.7 16.7^^



ScienceRise: Pharmaceutical Science	 № 6(58)2025

23 

5. Discussion
The present study demonstrated that the thieno-

pyrimidine scaffold is well suited for efficient function-
alization aimed at generating hybrid molecules incorpo-
rating biogenic fragments. Optimization of the 
N-alkylation step played a key role in the synthetic 
scheme: the addition of potassium iodide as a reagent of 
in situ Finkelstein reaction accelerated the interaction 
and increased the regioselectivity toward formation of 
the desired N-alkylated isomer. The improved crystalli-
zation procedure further facilitated selective isolation 
of the target product. Together, these optimizations en-
abled a reproducible access to the key intermediate 
5-methyl-4-oxothieno[2,3-d]pyrimidin-3(4H)-yl)acetic 
acid 3 which served as the basis for constructing the 
hybrid structures. Hydrolysis of the obtained ester 2 in 
a methanol-water mixture proved to be an optimal ap-
proach, providing acid 3 in high purity and ensuring its 
suitability for direct use in the subsequent amide-cou-
pling stage. The synthesis of hybrid molecules 4 by 
peptide-like coupling methods confirmed the function-
al versatility of the chosen synthetic strategy. Despite 
the low solubility of the acid 3 in 1,4-dioxane, its rapid 
in situ conversion into the corresponding imidazolide 
ensured good solubility and high reactivity. The use of 
equimolar amounts of triethylamine promoted effective 

activation of amino acid esters and amines, yielding the 
amide products under mild conditions.

An additional advantage of the developed method 
was the simplicity of isolating the target compounds. 
Overall, the optimized sequence – selective N-alkylation, 
controlled hydrolysis, and efficient amide coupling 
proved to be a reliable approach for obtaining a diverse 
set of thienopyrimidine hybrids incorporating both bio-
genic and synthetic components.

According to the molecular docking results several 
structures 4d (glutamic acid imide derivative), 4f (trypt-
amine derivative) and 4g (6-fluoro-1,2-benzoxazol-3-yl)
piperidinyl derivative demonstrated the most favorable 
binding energies and formed an extended network of 
hydrogen, halogen, and π-interactions within the AChE 

“aromatic gorge” (Trp86, Trp286, Tyr337, Tyr341, Phe338), 
ensuring deeper and more stable accommodation in the 
active site [48]. These same compounds also exhibited 
the strongest pro-cognitive effects in the scopolamine-in-
duced amnesia model. Notably, compound 4g, which had 
the best binding energy (–12.5 kcal/mol), showed activity 
comparable to or exceeding that of Donepezil, illustrat-
ing a correlation between the in silico and in vivo find-
ings. In contrast, amino-acid linkers derived from gly-
cine, alanine, and aminobutyric acid did not contribute 
significantly to conformational stabilization, whereas the 

Continuation of Table 4
1 2 3 4 5 6 7

Scopolamine + Donepezil 93.83± 13.80 110 [67;120] 0 33.3^ 16.7 50.0
Scopolamine + 4d 60.83± 19.17 42.5 [26.5; 101.2]* 33.3^ 33.3^ 0 33.3^
Scopolamine + 4e 98.00± 14.38 120 [81; 120] 0 16.7 16.7 66.7
Scopolamine + 4f 90.33± 15.58 107 [66.2; 120] 0 33.3^ 16.7 50.0
Scopolamine + 4g 67.33± 17.27 50.5 [38.7; 105]* 16.7 50.0^^ 0 33.3^

Note: significant relative to the vehicle control group: * – р < 0.05, ** – р < 0.01 Mann-Whitney criterion); ^ – р < 0.05, ^^ – р < 0.01 
(Fisher Criterion).

Table 5 
Influence of Donepezil and the tested compounds on the nociceptive pain reaction in mice in Hot-plate test (М ± SEM, 

Ме [Q25; Q75])

Group, n = 6
Latent time of the hind paw licking, sec. The number of animals, which had nociceptive reaction,%

M ± m Me 
[Q25; Q75] less 10 sec. less 15 sec. less 30 sec. less 1 min more 1 min.

Vehicle control 13.20 ± 2.75 10.5 
[9.93; 12.88] 50.0 33.3 16.7 0 0 

Amnesia control group 
(scopolamine) 50.87 ± 5.88** 60

[42.6; 60]** 0^^ 0^ 16.7 16.7 66.7^^

Scopolamine + Done-
pezil 45.40 ± 5.78 46.45 

[37; 57.5]* 0^^ 0^ 16.7 50.0^^ 33.3^

Scopolamine + 4d 31.40 ± 6.41 26
[21.05;35.4] *# 0^^ 0^ 50.00% 33.3^ 16.7

Scopolamine + 4e 29.23 ± 5.16 27.95
[22.8; 33.90] *# 0^^ 16.7 50.0 33.3^ 0

Scopolamine +4f 35.60 ± 6.33* 36.4
[26.13;41]* 0^^ 0^ 33.3 50.0^^ 16.7

Scopolamine +4g 31.37 ± 6.64 28.2 
[19.9; 36.03]* 0^^ 0^ 50.0 33.3^ 16.7

Note: significant relative to the vehicle control group: * – р < 0.05, ** – р < 0.01 (Mann-Whitney criterion); ^ – р < 0.05, ^^ – р < 0.01 
(Fisher Criterion); significant relative to the amnesia control group (scopolamine): # – р < 0.05 (Mann-Whitney criterion).



ScienceRise: Pharmaceutical Science	 № 6(58)2025

24 

tert-butyl substituent (in compound 4e) provided addi-
tional hydrophobic contacts. The lack of the expected in 
vivo activity for derivative 4e may be attributed to hydro-
lysis or metabolic instability.

It should be noted that Donepezil, despite existing 
reports of its anti-amnestic [49], anxiolytic [50], and an-
algesic [51] properties, did not exhibit any of these effects 
in our experiment. This may indicate that such effects are 
unstable or highly dependent on specific experimental 
conditions. The compounds 4g, 4d and 4f in the experi-
ment showed moderate anti-amnestic properties. At the 
same time, the results of behavioral testing demonstrate 
that compound 4g significantly increases the initial la-
tency during the information assimilation phase. This 
indicates an anxiolytic-like effect, which requires further 
in-depth studies. The improvement in the proportion of 
animals meeting the training criterion, together with a 
moderate anti-amnestic index, indicates that 4g may sup-
port processes associated with mnemonic retention. Al-
though the effect after 24 hours did not reach the level of 
the vehicle control, the overall pattern of responses 
points to a partial preservation of memory function under 
cholinergic blockade. The marked reduction of explorato-
ry activity (rearing) in the scopolamine group aligns with 
known effects of muscarinic antagonists on emotional 
processing. The normalization of rearing behavior after 
in the 4d group suggests potential anxiolytic involve-
ment, which complements its performance in the PAT 
test. Compounds 4e and 4f showed little effect on rearing 
or vegetative markers, indicating a limited impact on 
emotional or autonomic components. All the tested com-
pounds do not have analgesic properties. Overall, the 
combined behavioral findings indicate that the tested 
hybrid thienopyrimidine derivatives exert differential 
CNS activity, with 4g showing the most pronounced 
composite profile involving modulation of anxiety-relat-
ed and mnemonic functions, while 4d and 4f provide 
moderate support for memory retention.

The rotarod data confirm that scopolamine admin-
istration induces measurable motor impairment, which 
aligns with its known central and peripheral effects on 
neuromuscular coordination [52]. The partial restoration 
of fall latency observed for donepezil, compounds 4e and 
4f suggests that these molecules may counteract scopol-
amine-induced deficits to some extent, potentially 
through cholinergic modulation or other CNS-mediated 
mechanisms. In contrast, compounds 4g and 4d did not 
improve coordination, indicating limited involvement in 
pathways governing motor control. 

The hot plate test confirmed that scopolamine alters 
pain responsiveness, which aligns with reports describing 
its modulatory influence on central cholinergic pathways 
involved in nociception [53]. The absence of an effect in 
the donepezil-treated group indicates that cholinesterase 
inhibition does not counteract scopolamine-induced 
changes in thermal pain sensitivity under these experi-
mental conditions. None of the tested compounds exhibit-
ed analgesic properties in the hot plate assay.

Practical relevance. The results of this study 
have practical relevance for the development of novel 

therapeutic agents aimed at mitigating cognitive impair-
ment associated with cholinergic dysfunction. The 
demonstrated approach also highlights the value of inte-
grating pharmacophore modeling, docking, and behav-
ioral screening as an efficient workflow for discovering 
new candidates for the treatment of memory deficits.

Study limitations. Several limitations of the 
present study should be acknowledged. First, molecular 
docking provides only a static approximation of li-
gand-AChE interactions and does not account for dy-
namic effects. It is necessary to expand the molecular 
docking on a number of targets of anti-amnestic, anxio-
lytic effect, and nociceptive reactions. Second, the in 
vivo evaluation was conducted using an acute scopol-
amine-induced amnesia model, which reflects revers-
ible cholinergic dysfunction but does not fully represent 
the multifactorial nature of chronic neurodegenerative 
conditions such as Alzheimer’s disease. Third, pharma-
cokinetic properties, metabolic stability, and BBB pen-
etration were not directly assessed, which may explain 
discrepancies between predicted affinity and behavior-
al outcomes. Finally, the behavioral battery was limited 
to memory, anxiety, effects on motor coordination and 
nociception, and future studies should incorporate addi-
tional cognitive functions, emotional and nociceptive 
responses, and their biochemical markers to obtain a 
more complete pharmacological comprehensive charac-
terization of the compounds.

Prospects for further research. Further structur-
al optimization of the selected compounds, guided by the 
identified interaction patterns, together with more in-
depth preclinical studies, may lead to the development of 
derivatives with enhanced neuroprotective properties.

6. Conclusions 
The rational design, synthesis, and structural char-

acterization of new AChE-targeted derivatives, com-
bined with in silico simulations and subsequent in vivo 
validation, enabled the identification of several thien-
o[2,3-d]pyrimidine derivatives with moderate anti-am-
nestic properties in the scopolamine-induced amnesia 
model, highlighting their potential as promising struc-
tures for further optimization. The methods for synthe-
sizing the intermediates and target hybrids of 5-meth-
ylthieno[2,3-d]pyrimidin-4(3H)-one via amide coupling 
were optimized. The variation of pharmacophoric ele-
ments made it possible to investigate the influence of 
different substituents on affinity and biological activity. 
A positive contribution was identified for the glutamic 
acid imide moiety (4d), the tryptamine fragment (4f), 
and the 6-fluoro-1,2-benzoxazol-3-yl)piperidinyl group 
(4g). The integrated approach combining structural de-
sign, synthesis, docking, and a series of behavioral stud-
ies proved effective for identifying new potential modu-
lators of the cholinergic system, particularly derivative 
4g, which combines anti-amnestic and anxiolytic-like 
properties. The results obtained provide a foundation for 
further structural optimization of the most promising 
compounds and for expanded preclinical investigations 
of their psychotropic and neuroprotective activity.
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